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CHAPTER 1
 
Introduction
 
Chapter 1 will establish the importance of determining the validity and 
reliability of measuring isometric strength with a hand-held dynamometer in 
women with arthritis. This chapter will also present: a) a statement of the 
problem, b) research hypotheses, c) operational definitions, d) delimitations, e) 
limitations, and 0 assumptions. 
Arthritis has been documented to affect over 40 million Americans, of 
which the highest concentration is people over 70 years of age. The American 
Arthritis Foundation has documented over 100 forms of arthritis, citing 
rheumatoid and osteoarthritis as the most common forms of arthritis in the United 
States (Hicks & Suttin, 1988). This disease primarily affects the hip and shoulder 
joints (Panush, 1990). Osteoarthritis and other types of arthritic diseases are more 
prevalent among women. 2 
The chronic pain of arthritis is often accompanied by limitations in 
functional movement. This debilitating cycle is commonly associated with 
arthritis. Factors which inhibit movement of individuals with arthritis can be 
found in Figure 1. 
Effusion  Pain  Inflammation 
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Figure 1. Joint effusion and inflammation cause the pain that begins the cycle of 
musculoskeletal problems associated with arthritis. Patients often respond to pain by re­
stricting joint motion and increasing time at rest; with fewer contractions, muscles atrophy, 
range of motion is lost, and total biomechanical integrity is diminished. This in turn may 
lead to increased pain. 
Figure 1: Source: Hicks, J. E (1990). Exercise in patients with 
inflammatory arthritis. Rheumatic Disease Clinics of North America, 16 
(4). 846. 
The self-perpetuating cycle associated with arthritis occurs primarily 
within the musculoskeletal system. Initial arthritis pain is caused by joint 3 
inflammation and joint effusion, leading to decreased range of motion due to 
disuse. Muscle atrophy follows due to a lack of exercise. This phenomenon is 
known as disuse atrophy. Once muscle atrophy occurs, this is often accompanied 
by decreased biomechanical integrity of movement. This cycle is 
self-perpetuating based upon the pain experienced by the individual (Hicks, 
1990). 
Ideally, this debilitating cycle should be interrupted before disuse atrophy 
occurs. Through early assessment of strength, rehabilitation professionals can 
interrupt this process with appropriate therapeutic exercise programs. 
Muscle strength testing is a well accepted practice within the allied health 
community. Various types of muscle actions can be measured. Kneutgen & 
Kraemer (1987) defined the various types of muscular actions in the following 
manner: 
1. Isometric: This occurs when there is no significant muscle shortening 
or lengthening, and the muscle develops tension while no movement is produced. 
2. Eccentric: The muscle develops tension while lengthening. 
3. Concentric: The muscle develops tension while shortening and 
movement is produced, typically in a direction opposite that of gravity. 
This investigation evaluated isometric strength testing. Isometric 4 
contractions posed the least potential for pain for persons with arthritis, as there is 
little risk of joint inflammation often caused by isotonic and isokinetic strength 
training (Hicks, 1990). Reducing the risk of potential joint inflammation is an 
important consideration when considering exercise testing and prescription for 
individuals with arthritis. Thus, isometric strength assessment was the most 
appropriate method of muscle strength testing for persons with arthritis (Pothier & 
Allen, 1990). 
Manual muscle strength testing is commonly used by rehabilitation 
professionals in clinical and research settings (Wadsworth, Krishnan, Sear, 
Harrold & Nielsen, 1986). An important component of manual muscle testing is 
isometric strength evaluation. Isometric muscle strength testing is used for 
individuals to evaluate functional strength of a particular limb. Assessment of 
strength is performed by having an examiner manually resist the movement of a 
limb of the person. The strength and functional ability of a limb are then 
subjectively assigned a score (Daniels & Worthingham, 1986). 
There is an increasing need for objective, impartial evidence in muscular 
strength assessment. Objective evidence is particularly needed for individuals 
who have significant strength deficits. Manual muscle testing has limited 
discrimination, in the upper range of scores (e.g., good to normal) (Wadsworth et 5 
al., 1986). Allied health professionals lack an objective quantitative approach that 
is portable, requires little training and cost effective. As individuals with arthritis 
should have frequent physical examinations to detect any strength degeneration, 
the opportunity to adequately monitor changes in muscular strength is limited to 
the use of an expensive isokinetic dynamometer or the subjective measures of 
manual muscle testing. 
A hand-held dynamometer provides a cost effective, portable system used 
to quantify isometric muscular strength. This device measure the isometric 
strength of a particular muscle or muscle groups. Hand-held dynamometers come 
in a variety of designs; ranging from a modified sphygmometer, spring gauges to 
strain gauge dynamometers (Backman, 1988). 
The reliability of measures of isometric muscular strength has been 
established for several populations including people with mental retardation, 
various neurological impairments, cerebral vascular impairments, 
myelomeningocele, Duchenne muscular dystrophy, and various connective tissue 
diseases (Bohannon & Smith, 1987; Effgen & Brown, 1992; Finucane, Walker, 
Rothstein, & Lamb, 1989; Stuberg & Metcalf, 1988; Riddle, Finucane, Rothstein 
& Walker, 1989; Stuberg & Metcalf, 1988; Surburg, Suomi & Poppy, 1992a,b). 
Although previous research has focused on reliability, little evidence is 6 
available to validate a hand-held dynamometer against a known valid and reliable
 
instrument (Jackson, Jackson, Meske, Frankowski & Long, 1993). In addition,
 
little evidence has been presented for persons with arthritis (Hayes & Falconer,
 
1992).
 
Statement of the problem
 
This study investigated the reliability of the Nicholas Manual Muscle 
Tester (a hand-held dynamometer) in determining the isometric strength of 
various muscles of the shoulder and hip of women over 50 years of age with 
arthritis and validate the results against a known criterion (Kin-Corn 500-H, 
Chattecx Corp.). 
Research Hypotheses 
The intent of this investigation was to research the following hypotheses: 
1. The Nicholas Manual Muscle Tester will prove to be a reliable 
instrument (ICC > .85) in determining isometric muscular strength in women over 
40 years of age with arthritis. 
2. The Nicholas Manual Muscle Tester will provide criterion-related 
evidence of validity (r2 > .80) when compared to a known criterion (Kin-Corn 
500H, Chattecx Corp., Chattanooga, Tennessee). 
3. Reliability of shoulder joint muscle testing using the Nicholas Manual 7 
Muscle Tester will be sufficient to be considered a clinically useful instrument 
(ICC > .80). 
4. Reliability of hip joint muscle testing using the Nicholas Manual 
Muscle Tester will be sufficient to be considered a clinically useful instrument 
(ICC > .75). 
Operational definitions 
This section describes how independent and dependent variables were 
measured throughout this investigation. 
Muscle strength was measured using modifications of the methods 
developed by Daniels and Worthingham (1986). These methods were similar to 
the manual muscle testing methods except the Nicholas dynamometer will replace 
the subjective measurement of the examiner. 
Relative reliability of the Nicholas Manual Muscle Tester determined the 
overall reliability of the hand-held dynamometer. Only one rater was used in this 
study. The rater was knowledgeable about isometric muscle testing and familiar 
with the usage of the hand-held dynamometer and the isokinetic dynamometer. 
The rater had achieved a reliability coefficient (ICC) of .75 for lower extremities 
and .80 or greater for upper extremities in determining muscular strength for the 
shoulder and hip muscles in a pilot study of 6 apparently healthy young adults. 8 
These reliability coefficients are consistent with the research literature in this area 
(Agre, et al., 1987; Bohannon & Andrews, 1987; Effgen & Brown, 1992; Stuberg 
& Metcalf, 1988; Riddle, Finucane, Rothstein & Walker, 1989). 
Criterion-related evidence of validity was determined by comparing the 
subjects' isometric force output measured by the Kin-Com 500H (Chattecx Corp., 
Chattanooga, Tennessee) with isometric force output measured by the Nicholas 
Manual Muscle Tester (NMMT). 
Coefficients of determination (r2) were calculated to determine the 
relationship between the average forces measured on the NMMT and the Kin-
Com 500-H. Correlations were also calculated to determine the extent of the 
relationship between the subjects' levels of pain prior to testing and the isometric 
forces produced during each experimental session. 
Delimitations 
The findings from this investigation are delimited to females over 40 years 
of age with arthritis. 
Limitations 
The results of this study may have been affected by the following: 
1. The small number of subjects involved in this study may not accurately 
represent the general population affected by arthritis. 9 
2. The level of chronic pain experienced by individuals with arthritis may 
reduce maximal isometric efforts. These individuals may have experienced 
varying levels of pain and joint inflammation over the course of the testing period, 
thereby affecting the reliability of the results. 
Assumptions 
The following assumptions were made: 
1. The rater was reliable in determining muscular strength in the shoulder 
and hip joints of individuals with various injuries. 
2. The NMMT has an internal calibrating system and therefore was 
assumed to be a reliable instrument. 
3. The Kin-Corn (Chattecx Corp., Chattanooga, Tennessee) is a valid 
instrument for measurement of static force production and can be used for 
comparison with the NMMT. 
4. Subjects gave maximal isometric efforts when assessed on the Kin-Corn 
and the Nicholas Manual Muscle Tester. 
5. Subjects' dominant side reflected reliability of non-dominant side. 
6. Subjects' level of arthritic involvement did not have a detrimental effect 
upon the determination of reliability. 10 
Chapter 2 
REVIEW OF LITERATURE 
The impact of arthritis on the lives of adults can be exemplified by its 
prevalence within American society. Over 40 million Americans have been 
reported to have arthritis, with rheumatoid and osteoarthritis being the most 
common forms (Panush, 1990). In particular, the 70-79 years age group is 
believed to have the highest proportion of individuals with arthritis with 85 
percent of the elderly population between the ages of 70-79 years of age suffering 
from arthritis (Panush, 1990). With Americans living longer, the elderly represent 
the fastest growing segment of the American population. Arthritis among the 
elderly is a major concern in terms of cost-effective health care. 
The effect of age on muscular strength has been documented. Murray, 
Gardner, Mollinger, and Sepic (1980) investigated the effect of age on isometric 
strength in knee musculature of men aged 20 - 86 (n=72). Results indicated that 
regardless of angle tested the older groups (50-86 years of age) had significantly 
(p < .05) decreased muscular strength. Strength deficits ranged from 20 - 55 
percent when compared to younger peers (20-35 years of age). Strength deficits 
as a result of age are considerable and may be exaggerated with the presence of 
arthritis. 11 
Individuals with arthritis are known to have decreased muscle function 
(Ekdahl, Andersson, Moritz, & Svensson, 1990). The authors determined over 80 
percent of individuals with rheumatoid arthritis have decreased muscle function in 
the lower extremities due to inactivity and inflamed joints. Decreased muscle 
function in the lower extremities would cause the individuals to have 
abnormalities in gait and balance. As deficiencies become severe, the individuals 
often need costly ambulation devices and/or home-health care. 
Therefore, a need for establishing clinical tools to periodically monitor the 
strength of individuals is essential for the research and medical community. The 
need to investigate a cost-effective system to assess strength parameters in 
individuals with arthritis is justified. 
Nature of arthritis 
A simple explanation of arthritis is the inflammation of joints. Arthritis 
affects the joint capsule, muscles, and connective tissues of the body causing 
varying degrees of discomfort. Pain can range from mild to severe. There are 
many different kinds of arthritis. The American Arthritis Foundation has 
documented that over 100 types of rheumatic diseases exist, of which most have 
no known cure (Hicks & Suttin, 1988). 
The cause of inflamed joints associated with arthritis is unknown. 12 
Rheumatoid arthritis has been documented to be "synovitis of diarthrodial joints" 
(Byers, 1985, p. 276). Changes in fluid pressure at the joint capsule are the cause 
of the pain associated with individuals with arthritis. During the inflamed phase 
there is an excess of synovial fluid at the joint capsule. This excess of fluid 
causes the joint swelling (effusion) normally associated with rheumatoid arthritis. 
There is an increased pressure within the joint capsule (edema) causing joint pain 
and stiffness, resulting in limited range of motion (Byers, 1985). 
The pathology of osteoarthritis is believed to come from two causes. The 
first being abnormal mechanical forces cause stress and damage to the articulating 
surfaces of the joints. Repeated impact loading over a period of time can cause 
microfractures resulting in a decrease in chondral resiliency (Panush, 1990). The 
second cause is the presence of enzymes in the joint capsule may cause cartilage 
breakdown. Inflammation may occur from the lack of cartilage, or during the 
removal of cartilage, and subsequent breakdown of products from the joint 
capsule (Hicks & Suttin, 1988). What these two causes have in common is the 
occurrence over a prolonged period of time, which is evident as older persons are 
more likely to develop osteoarthritis (Panush, 1990). 
Joint pain caused by arthritis, regardless of type, results in a deteriorating 
cycle of musculoskeletal problems. These musculoskeletal problems result in 13 
significant strength deficits. Hsieh, Didenko, Schumacher, and Torg (1987) 
determined individuals with arthritis can experience strength deficits between 
15%-42% when compared to nonarthritic peers. The reduction in strength causes 
a reduction in biomechanical integrity. It is the loss of biomechanical integrity 
that affects the individuals in the most basic way. Without the benefit of efficient 
movement, activities of daily living such as walking, lifting and grasping become 
increasingly difficult. Again, the need to recognize strength deficits with this 
population in a valid, reliable and cost effective manner is evident. 
Strength assessment 
Strength assessment is an integral part of an allied health professional's 
clinical evaluation. Strength assessment is not only essential in the determination 
of functional deficits but also in establishing appropriate rehabilitation 
interventions (Stuberg & Metcalf, 1988). One mode of strength assessment is 
manual muscle testing. This form of testing is based upon subjectively grading 
functional ability of a joint to move throughout its range of motion. There is a 5 
point grading scale ranging from zero/trace to good/normal grades of strength. 
Within each classification the therapists can use a + or - to indicate more precise 
elements of the particular grade determined. Therapists subjectively evaluate a 
patient's strength by manually opposing the particular limb from moving (Daniels 14 
& Worthingham, 1986). 
Another mode of strength assessment is the use of computerized 
dynamometers. These dynamometers have the capacity to determine strength in a 
variety of ways. Isokinetic dynamometers such as the Kin-Corn (Chattecx, Inc.), 
are very popular in rehabilitation settings.  This type of dynamometer is 
computer-driven and has the capacity to assess strength in the following ways: a) 
isokinetic (the velocity of movement is controlled throughout the range of 
motion), b) isotonic (equal resistance is maintained throughout the range of 
motion), and c) isometric (no significant muscle shortening or lengthening) 
(Kneutgen & Kraemer, 1987). The Kin-Corn 500-H has been determined to be 
accurate and reliable (Farrell & Richards, 1986). However, the cost and lack of 
portability of dynamometers similar to the Kin-Corn 500-H present an obstacle for 
most rehabilitation specialists (McCubbin, 1990). 
However, with the advent of the computerized dynamometers, allied 
health professionals still use manual muscle testing as a common form of strength 
assessment. One is led to the question: why with the presence of accurate and 
reliable technology is this form of strength assessment still being advocated? 
The answer to that question has several parts. The research literature is in 
general agreement supporting the use of computerized dynamometers (Bohannon 15 
& Andrews, 1987; Finucane et al., 1988; Hayes & Falconer, 1992; Surburg et al., 
1992a,b). Three factors supporting the use of hand-held dynamometers have been 
commonly identified: 
1. Cost: Isokinetic dynamometers are very expensive. Such devices can 
cost more than $50,000.00. The cost of these devices has limited their availability 
in small rehabilitation clinics. 
2. Ease of use: Isokinetic dynamometers require extensive familiarization 
by the operator in order to achieve proficiency. Transition time is a factor when 
testing multiple joints. The machine must be adapted with special accessories in 
order to test specific muscle groups. These accessories are usually large and 
require that the examiner be familiar with the functions. This may become a 
limiting factor when time is of concern in strength assessment. 
3. Lack of portability: The dynamometers are large, heavy, immobile and 
often cumbersome. This requires the patient to adapt to the constraints of the 
apparatus. With these three factors to consider, allied health professionals still 
advocate the use of manual muscle testing as an alternative in strength 
assessment. 16 
Manual muscle testing 
Manual muscle testing has been an integral part of strength assessment for 
over 40 years. Strength is assessed by having the examiner manually resist the 
patient's limb. The patient's limb is positioned in a manner that isolates the 
muscle being tested. Testing positions used in manual muscle testing are supine, 
seated or sidelying (Daniels & Worthingham, 1986). Hayes and Falconer (1992) 
suggested two possible reasons for the popularity of manual muscle testing: 
1. It is easy to administer and portable: The therapist can administer the 
test at the patient's bedside or in the clinic. 
2. It is inexpensive: Since there are no expensive machines to use, 
familiarization is limited to the training received during the examiner's education. 
Misclassification of strength is a limiting factor in manual muscle testing. 
Beasley (1956) cited that strength could be misclassified by as much as fifty 
percent. This misclassification usually occurs at the stronger end of the strength 
continuum. Hayes and Falconer (1992) provided evidence of overestimation of 
strength for individuals with osteoarthritis in the knee. Results of their 
investigation concurred with the findings of Beasley (1956) in determining the 
lack of objective data produced by manual muscle testing. 17 
Hand held dynamometry 
The introduction of hand-held dynamometers has provided allied health 
professionals with an acceptable compromise in achieving objective strength 
assessment. Portable dynamometers come in a variety of designs, ranging from 
spring dynamometers to strain gauge dynamometers (Backman, 1988). There are 
a wide variety of dynamometer designs, however, that collect data in a common 
way. Pressure is applied to a plate of some design which is attached to a force 
transducer and a force output is displayed on an analog gauge or digital screen 
(Backman, 1988). The popularity of hand-held dynamometers is attributed to 
their size, relative low cost when compared to computerized dynamometer 
counterparts, and ease of use. 
Portable hand-held dynamometers are used in the same manner as when 
manual muscle testing is conducted. The main difference is that instead of the 
using the subjective evaluation of the therapist, the dynamometer is placed 
between the hand of the examiner and the limb about to be tested. Following 
force application, objective, quantifiable evidence is obtained. 
The use of portable dynamometers is not done without reservations. There 
are several considerations that must be given attention, when using portable 
dynamometers: (a) general reliability, (b) reliability across populations, (c) 18 
intrasubject variability, (d) consistency of testing protocol and (e) validity. 
Reliability 
Recently research has determined the interrater and intrarater reliability of 
portable dynamometers (Bohannon & Andrews, 1987). Bohannon (1986; 1987) 
conducted two investigations on reliability using hand-held dynamometers. "It 
was determined that the use of a portable dynamometer can be a reliable 
instrument...."(Bohannon, 1987, p.206) 
Bohannon and Andrews (1987) investigated the interrater reliability of 
hand-held dynamometry. Six muscle groups (upper and lower extremities) were 
measured on subjects (n=30) who had cerebrovascular accidents. It was assumed 
the patients gave a maximal effort and protocol was consistent. The findings 
indicated reliability coefficients were in the good to high range (r2= .84 - .94). 
These authors suggested several possible explanations for the observed variability, 
including patient strength and patient effort. 
Bohannon (1987) investigated the potential of maximal effort within 
patients. The subjects (n=40, healthy women) performed maximal and 
submaximal contractions. Statistical determination of the coefficient of variation 
for each condition (maximal and submaximal contractions) were evaluated. The 
authors concluded submaximal efforts were not truly representative of patients' 19 
strength. Submaximal efforts may also contribute to inconsistent recordings and 
thus are a potential problem when testing with a portable dynamometer. 
Wilkholm and Bohannon (1991) provided evidence that rater strength was 
a limiting factor in providing consistent measurements. Subjects of various 
strengths (athletes and non-athletes) were tested for shoulder, elbow and knee 
strength. The authors assessed external rotators of the shoulder, flexion of the 
elbow and extension of the knee. The results suggested subjects who produced 
more than 120 N of force could not be assessed consistently across trials. The 
athletic subjects (football players) would overpower the strength of the rater by 
producing over 120 N of force causing inconsistent results. Rater strength could 
be a limiting factor when using the portable hand-held dynamometer with healthy, 
strong populations. Since portable dynamometers are to be used with individuals 
with significant strength deficits such as in this investigation, rater strength would 
not be considered a liability in determining reliability. 
Other areas with reliability of hand-held dynamometers are based upon the 
research of Bohannon and Andrews (1987); Finucane, Walker, Rothstein & Lamb 
(1988); Hayes & Falconer (1992); Surburg et al. (1992a,b). These include a) 
population specific assessment, b) determination of intrasubject variation, c) 
testing protocol inconsistencies. 20 
Reliability for various populations 
Various special populations have been assessed using portable hand-held 
dynamometers. As mentioned earlier Bohannon & Andrews (1987) investigated 
the interrater reliability of a portable dynamometer with individuals who had 
cerebrovascular impairments. Six muscle groups (three upper extremity and three 
lower extremity muscle groups were tested) with a subject sample of 30 patients 
(18 women and 12 men). They determined high reliability coefficients (r= .84­
.94) in the results and determined that portable dynamometry can be clinically 
useful.  Surburg, et al. (1992a,b) determined the validity and reliability of a hand­
held dynamometer in adults with mental retardation. Isometric strength testing 
was implemented using the Nicholas Manual Muscle Tester and a Cybex 
isokinetic dynamometer on 10 adults with mental retardation. Results indicated 
that the NMMT was highly reliable (r= .97-.99) and was moderately valid (r= .64­
.76) for individuals with mental retardation. 
Similar studies in determining interrater reliability were also conducted on 
individuals with children with Duchenne muscular dystrophy (Stuberg & Metcalf, 
1988), and individuals with hemiplegia (Riddle, Finucane, Rothstein & Walker, 
1989). 21 
Determination of intrasubject variation 
Reliability coefficients of the upper extremities tend to have the higher 
ranges of reliability (Bohannon & Andrews, 1987; Agre et al., 1987). Bohannon 
and Andrews (1987) determined high reliability coefficients for upper extremities 
(r=.88-.94) and high reliability coefficients for lower extremities (r=.84-.91). 
Agre et al. (1987) investigated the reliability of upper extremities and lower 
extremities in 8 healthy subjects. It was determined lower extremity reliability 
had a wide range (r = -.02 - .96).  It was suggested that the inherent structure of 
the joints (i.e. ball and socket) does not allow for stabilization. Therefore, testing 
inconsistencies were increased. However, reliability was high enough for most 
movements to be considered a reliable instrument in a clinical setting. 
Testing protocol must be consistent 
Inconsistencies could be a confounding factor affecting the results of the 
strength assessment used in this study. Various experimental protocols have been 
described in the literature. Recently, researchers (Wadsworth et al., 1986; Stuberg 
& Metcalf, 1988; Hayes & Falconer, 1992) seem to be adhering to the procedures 
established by Daniels and Worthingham (1986). Another issue that has been 22 
virtually nonexistent within the literature is the validity of the portable 
dynamometer. 
Validity 
Although validity can be determined in a variety of ways, researchers have 
virtually ignored criterion related evidence of validity with respect to portable 
dynamometers. The need to determine criterion related evidence of validity of 
portable dynamometer should take a higher precedent than the reliability of a 
portable dynamometer. An instrument could be reliable but may not measure 
what it is supposed to measure. The main flaw of manual muscle testing and the 
use of portable dynamometers is the lack of criterion related evidence of validity, 
even though strong evidence is presented that supports reliability (Wadsworth et 
al., 1986; Hayes & Falconer, 1992). 
The need for determination of criterion related evidence of validity with 
portable dynamometers has been suggested (Jackson et al., 1993). Jackson and 
colleagues state: 
Criticisms of experts have been similar: insufficient attention has been 
paid to the empirical properties of measures, such as validity, reliability 
standardization, and scalability. For the most part, functional measures 
have not undergone the kind of rigorous development that result in robust 23 
and useful instruments... Medical rehabilitation needs to improve the 
quality of the measurement it currently uses.(pg. 3) 
An investigation considering the practical usefulness of a new device should 
consider using criterion related validity as the appropriate approach in 
determining validity of the portable dynamometer. Criterion related evidence of 
validity has been defined as the relationship between the scores of a new test 
(portable dynamometer) compared to a known criterion (strength dynamometer) 
(Baumgartner, 1989). Thus by comparing scores from strength assessment using 
a portable dynamometer and assessing the same population on a strength 
dynamometer, a relationship could be determined. The importance of such a 
study would be considered useful and practical. If the portable dynamometer can 
accurately measure strength when compared to a known standard, then the 
dynamometer could be considered clinically useful and then the new device can 
be applied usefully in a field setting. The results of this new device can be used 
with a certain degree of certainty. 
As with any device, validity and reliability must be determined 
specifically to the population assessed. For professional's involved with 
individuals with special needs, this concern needs attention. Strength assessment 24 
is an important part of the allied health professionals inventory of diagnostic tools 
in developing appropriate goals for individuals with special needs. An accurate 
and reliable and valid form of assessment is essential for the examiner, the support 
network and the individual. The literature demonstrates that portable 
dynamometers are sufficiently sensitive to assess a wide range of special 
populations, including those with mental retardation and various neurological and 
physical impairments. 
However, to date there is no evidence that provides both valid and reliable 
measurements of isometric strength testing in individuals with arthritis. The 
results of such a study would provide a better understanding of strength 
assessment with this population. Objective strength assessment with a portable 
dynamometer provides the medical and allied health community with a cost 
effective alternative to strength assessment using a computerized dynamometer. 
Summary 
The prevalence of arthritis in American society is extensive. Over 40 
million Americans are reported to have arthritis, with the largest segment of the 
population having arthritis being the 70-85 age group. It generally affects women 
more than men, specifically women over the age of 40. The pain caused by 
arthritis causes the individual to develop a deteriorating cycle of musculoskeletal 25 
problems. Individuals with arthritis are known to be significantly weaker than 
nonarthritic peers, ranging between 15%-42% reductions in strength. Intervention 
must be proactive, perhaps delaying or preventing atrophy. The need for 
objective strength assessment protocols has been identified in this population. 
However, strength assessment instruments used currently are 
computerized dynamometers. These dynamometers are usually too large, 
expensive, and cumbersome to use on a large scale. The lack of practicality of 
these dynamometers has led to the promotion of manual muscle testing. 
Manual muscle testing has proven to be a reliable means of assessment, 
however, it does not provide the clinician or patient with any objective evidence 
of strength. The lack of objectivity in manual muscle testing has led to the 
development of portable dynamometers. 
Portable dynamometers have been suggested as the possible alternative for 
clinicians in strength assessment. The clinician is provided an accurate, reliable 
and cost effective tool for strength assessment. As with any new device, it is not 
without flaws. The problem with portable dynamometers are in the areas of 
validity and reliability. 
The research literature has an ample database of reliability studies which 
investigate the interrater and intrarater reliability of portable dynamometers. 26 
From the literature, it can be surmised that reliability for upper extremities is 
higher than for lower extremities for various populations. However, the validity 
of portable dynamometers has not been established. 
Criterion related evidence of validity is essential to determine the 
effectiveness of using portable dynamometers in a clinical setting. One must 
consider two factors when determining validity and reliability of portable 
dynamometers: a) portable dynamometers must be valid and reliable to the 
population being assessed; and b) the testing protocol must be consistent in order 
for results to have any significant meaning. 
The research literature has demonstrated a lack of knowledge in the 
following areas: a) determination of criterion related evidence of validity with 
portable dynamometers; and b) the use of the portable dynamometers with 
individuals with arthritis. 
The determination of a valid, reliable and cost effective diagnostic 
instrument for individuals with arthritis could potentially serve a large segment of 
American society. By determining the usefulness of the portable dynamometer, 
health professionals would have more confidence in this relatively new diagnostic 
tool. 27 
Chapter 3
 
METHODS
 
This chapter will describe the following: a) selection of subjects, b) 
instruments and apparatus, c) procedures, and d) experimental design and analysis 
of the data. 
Subjects 
Female subjects with arthritis over the age of 50 were recruited for 
participation in this study. The subject sample was limited to females over the 
age of 50 because of the increased prevalence of arthritis in this population. The 
subjects participating in this investigation were recruited from arthritis support 
groups, from rehabilitation clinics and from an aquatic therapy class in Corvallis, 
Oregon and surrounding areas. 
Subjects who were enrolled in the arthritis aquatic therapy class had 
previously supplied documented proof of their arthritis to the institution in which 
they attended classes. If subjects were not part of the aquatic therapy class, then 
proof of their condition was provided from their physician or other qualified 
personnel. Severity of arthritis was noted, but not used as a classification factor or 
an independent variable in this study. 28 
Level of pain was recorded prior to muscle testing using a visual analog 
scale. The visual analog scale was used to quantify pain magnitude to determine 
if pain was a limiting factor in assessing strength within this population. Each 
subject was informed of the testing protocol and was required to read and sign an 
informed consent document approved by the Oregon State University Institutional 
Review Board. 
Instruments and apparatus 
The instruments used in this study to determine isometric strength were 
the Kin-Corn 500-H (Chattecx, Inc.) and the Nicholas Manual Muscle Tester 
(model 01160, Lafayette Instruments, Indiana). The Kin-Corn is a computer 
controlled active dynamometer frequently used for testing, evaluation, and 
rehabilitative purposes. Data were collected via strain-gauge bridge for converted 
force measurements (Farrell & Richards, 1986). Kin-Corn static force 
measurements have been determined to have an intraclass correlation coefficient 
of .999, and the systemic error in calculating force is less than three percent 
(Farrell & Richards, 1988). The Kin-Com can measure force for a wide variety of 
movements by using accessory attachments. The Kin-Corn 500-H was used as the 
criterion standard to which the hand-held dynamometer was compared. 
The Nicholas Manual Muscle Tester (NMMT) is a hand-held 29 
dynamometer that measures peak isometric strength via a strain-gauge bridge. 
Used primarily as a screening tool by allied health professionals, the NMMT can 
accurately measure strength from 0 - 199.99 kilograms (about 440 pounds) with a 
precision error of .5 kilograms (Nicholas Manual Muscle Tester Manual, 1990). 
Reliability coefficients for hand-held dynamometers vary with each population 
tested. Each population assessed with the Nicholas Manual Muscle Tester has 
documented reliability coefficients of .90 or above (Surburg et al., 1992a,b). 
Testing protocol 
Subjects were assessed for isometric strength for the following joint 
musculature: a) adductors of the hip and shoulder, b) abductors of the hip and 
shoulder, c) flexors of the hip and shoulder, and d) extensors of the hip and 
shoulder. The isometric strength of the subjects' dominant side was assessed, 
since the nature of arthritis does not typically affect a particular side of the body. 
Individuals with arthritis frequently experience significant strength deficits, and 
assessing the dominant side provided an adequate representation of the subjects' 
strength. 
Subjects were positioned according to the manual muscle testing methods 
used by allied health professionals. Subjects were positioned consistently for 
each testing session by measuring joint angles with a goniometer prior to testing. 30 
A detailed description of the muscle testing procedure is provided in Appendix A. 
Prior to testing, subjects subjectively determined the level of pain for the 
shoulder and hip joints. Subjects determined their level of pain by placing a mark 
along a 100 mm line. This line was a pain rating scale in which one end of the 
line indicated no pain and the other end of the line indicated incapacitating pain. 
The pain rating scale was a quantifiable method that can determine respondent 
consistency (Denegar, Yoho, Borowicz & Bifulco, 1992). 
After determining the level of pain prior to testing, the subject then 
performed a warmup exercise routine for 10 minutes. A warmup protocol should 
involve the joints that are going to be tested as well as an increase in overall 
muscle activity and stretching exercises. However, it should be noted that there 
was no standardized warmup routine used for strength assessment in previous 
research. Smidt & Rogers (1982) recognized this lack of consistency within this 
area and have suggested that it was not necessary to establish a standardized 
warmup protocol. The warmup protocol used in this investigation consisted of 
low impact, pain limiting exercises. These exercises stretched the major muscle 
groups. The warmup protocol was intended to prepare the subjects for the testing 
protocol by temporarily elevating body temperature and heart rate. Appendix B 
contains a description of the warmup protocol used during this investigation. 31 
Subjects performed one submaximal isometric contraction, then a series of 
3 maximum isometric contractions for each joint action. Each contraction lasted 3 
seconds. The amount of time between trials was 30-60 seconds. The resting time 
between testing sessions was two days. This procedure was implemented for both 
the Kin-Com 500-H and NMMT testing sessions. Subjects were encouraged to 
maintain normal breathing during isometric contractions to reduce potential 
increases in blood pressure (Donald, 1967). 
Each testing session occurred on different days. There was a two day rest 
period between testing sessions. This two day interval was consistent with 
assessment protocols established by allied health professionals in the clinical 
setting (Agre et al., 1987; Riddle, et al., 1989). Testing order was randomized for 
subjects to eliminate any order effects. Subjects were familiarized with the 
equipment and exercise protocol prior to testing. Subjects performed the Kin-
Corn 500-H testing in the Biomechanics Lab in the Women's Building at Oregon 
State University. As the NMMT is a portable device, sessions were conducted at 
a site convenient for the subject. 32 
Design and analysis 
The dependent variables in this investigation were the eight joint actions 
being assessed using two isometric muscle testing techniques to determine 
isometric muscle strength. 
Analysis 
The following parameters measured were determined in this investigation: 
a) criterion related evidence of validity and b) intraclass reliability. All force data 
were normalized by dividing the force the subjects produced in Newtons, by the 
subject's body weight (kgBW). Pain scores were determined from a pain rating 
scale and could range from 0 to 100 millimeters. The statistics were computed 
using STATVIEW (v.5.12) software. 
Criterion-related evidence of validity 
To determine criterion-evidence of validity, a Pearson Product Correlation 
(r) was used to correlate the mean peak force results (two peak trials) of the Kin-
Corn testing session and the mean of both NMMT testing sessions. This 
correlation provided evidence in determining the "suitability" of the NMMT as a 
sensitive assessment instrument for women over 40 years of age with arthritis. 
The coefficient of determination (r2) determined the amount of variability of the 
NMMT when compared to the Kin-Corn. 33 
Correlations between pain scores and mean peak force for each joint 
actions for each session were determined to examine the relationship between the 
subjects' level of pain and the ability to produce force. For this investigation a 
negative correlation suggested that pain did affect force production. 
Intraclass reliability 
A one-way analysis of variance with a repeated measures design was 
conducted to determine the stability of the NMMT for each joint movement over 
two testing sessions.  Intraclass Correlation Coefficients (R) determined the 
repeatability of each individual type of isometric measurement. 
Reliability of the hip and shoulder joint actions were calculated using a 
one factor analysis of variance with repeated measures for both hand-held 
dynamometer sessions for each joint action. A one factor analysis of variance was 
also conducted to determine if there were significant differences between the pain 
scores for each of the three testing sessions. 34 
Chapter 4 
RESULTS 
Subject characteristics 
Thirteen women over the age of 50 with medically documented proof of 
arthritis participated in this study. All subjects were right side dominant. Table 1 
summarizes subject demographics for age, weight, and the nature of arthritis. 
Table 1: Subject characteristics 
Subject  Mean Age  Mean Weight  Arthritis type 
(N)  (yrs.)  (kgs) 
Osteoarthritis (n=8), 
13  66.1 + 13.9  72.4  Rheumatoid (n=3), Other forms 
(n=2) 
In this investigation the subjects' ages ranged from 52.2 to 79.9 years and 
they weighed from 65.2 to 72.4 kgs. The sample used in this investigation 
exhibited a diverse array of arthritic conditions. Most subjects had osteoarthritis 
(n=8) and rheumatoid (n=3), followed by two subjects who had less common 
specific forms of arthritis. 
Intraclass Correlation Coefficients (ICC) 
The reliability coefficients (R) for the shoulder joint actions between 
NMMT sessions are found in Table 2. With the exception of shoulder abduction 35 
(R =.43), the range of ICC's for the shoulder joint actions ranged from .85 to .93. 
Table 2:	  Intraclass Correlation Coefficients for the shoulder joint 
actions using the Nicholas Manual Muscle Tester. 
Shoulder  Adductors  Abductors  Flexors  Extensors 
ICC (R)  .93  .43  .92  .85 
The Intraclass Correlation Coefficients for the hip joint actions are 
presented in Table 3. The reliability coefficients for the hip joint actions between 
the NMMT sessions ranged from .80 - .94. 
Table 3:  Intraclass Correlation Coefficients for the hip joint actions 
using the Nicholas Manual Muscle Tester. 
Hip  Adductors  Abductors  Flexors  Extensors 
ICC (R)  .87  .80  .94  .91 
Reliability and validity 
Table 4 presents normalized isometric strength values for all testing 
sessions. The data result from the one way analysis of variance conducted for 
each joint action between the two NMMT sessions. From the data presented in 
Table 4, none of the force values for the joint actions were significantly different 
(p < .05) between NMMT sessions. 36 
Table 4:	  Normalized Isometric Strength Mean Values & Standard 
Deviations for the NMMT sessions. 
Muscle Group  NMMT1  NMMT2  F-value  P-values 
(N/kgBW)  (N /kgBW) 
Hip flexors  1.60+.5  1.61+.64  .011  .9199 
Hip extensors  4.18+1.3  4.17+1.1  .0005  .9825 
Hip abductors  1.99+.82  1.99+.67  .0007  .9796 
Hip adductors  2.63+.79  2.83+.67  2.143  .1689 
Shoulder flexors  1.28+.42  1.17+.42  3.133  .1021 
Shoulder extensors  2.19+.53  2.28+.58  .333  .5747 
Shoulder abductors  1.23+.56  1.14+.51  .208  .6536 
Shoulder adductors  2.06+.64  2.19+.69  1.82  .2022 
Mean, standard deviation of pain scores, as well as the p-values for joint 
pain of the shoulder and hip joints are presented in Table 5. The p-values are 
results of the one-way analysis of variance which determined if any significant 
differences (p<.05) existed between the mean pain scores for each NMMT testing 
session for the shoulder and hip joints. 37 
Table 5:	  Mean, Standard Deviation of Pain Scores for Shoulder and 
Hip joints for each testing session. 
NMMT Session 1  NMMT Session 2  F-TEST  P-value 
SHOULDER  17.5+16.7  15.2+12.2  .512  .4878 
HIP  14.0 + 15.5  13.5+11.4  .024  .8786 
The mean pain scores for the shoulder joint ranged from 15.2 to 17.5 mm., 
with a standard deviation of 12.2 to 19.4 mm. The p-value for between subjects 
(.4878) for all NMMT shoulder pain scores suggests that there were not any 
significant differences between sessions on shoulder pain scores. 
The mean pain scores for the hip joint across testing sessions was 13.5 to 
14.0 mm., with standard deviations for the hip joint pain scores ranging from 11.4 
to 15.5 mm. The p-value for between subjects (.8786) for all NMMT hip pain 
scores suggests that there were not any significant differences between sessions 
on hip pain scores. 
Pearson product moment correlations 
To establish criterion related evidence of validity, Pearson correlations (r) 
were calculated for the mean peak scores of both NMMT sessions with the results 
of the Kin-Corn for the shoulder and hip joint actions. 38 
Table 6 contains the correlation coefficients for the shoulder joint actions. 
For this investigation, the minimum correlation necessary for statistical 
significance at the .05 level was r = -.5529. The correlation coefficients ranged 
from .41 to .86, therefore an order of priority can be established for the isometric 
force mean value correlations. 
Table 6:  Correlation Coefficients for the mean scores of both NMMT 
sessions vs. the Kin-Com session for the shoulder joint actions. 
VS.  KIN-COM 
ADD  ABD  FLEX  EXT 
MEAN VALUES OF  ADD  .41 
JOINT ACTIONS FOR  ABD  .61* 
BOTH NMMT SESSIONS 
FLEX 
EXT  .74* 
KEY: ADD= Adductors  FLEX=Flexors 
ABD= Abductors  EXT = Extensors 
Note: = p < .05 (11 df = .5529) 
The results of Table 6 suggested that shoulder flexion and shoulder 
extension, respectively, had the highest correlations with the criterion measure. In 
this investigation, shoulder abduction and shoulder adduction, respectively, had 
the lowest correlations with the criterion. Three out of the four isometric force 
mean values yielded statistically significant correlations at the .05 level. In this 39 
investigation, shoulder flexion, shoulder extension, and shoulder abduction 
yielded correlations r=.5529 (11 df) at the .05 level of significance. 
The data presented in Table 7 are the correlation coefficients for the hip 
joint actions for all sessions. The range of correlations for the hip joint action 
sessions are .02 to .85. The order of priority for the hip joint isometric force 
correlations are hip flexion, hip extension, hip abduction and hip adduction. 
Only one isometric force correlation (hip flexion) yielded a significant correlation 
(r = .85) in this investigation. 
Table 7:  Correlation Coefficients between the Kin-Com values vs. the 
mean values of both NMMT sessions for the hip joint actions. 
VS.  KIN-COM 
IIMADD  ABD  FLEX  EXT 
MEAN VALUES OF JOINT  ADD  . 02 
ACTIONS FOR BOTH  ABD  .41 
NMMT SESSIONS 
FLEX  .85' 
EXT  .44 
KEY: ADD= Adductors  FLEXFlexors 
ABD= Abductors  EXT = Extensors 
Note: = p < .05 (11 df = .5529) 40 
The data presented in Figure 2 is a bar graph representation of the 
correlation coefficients between hip pain scores and the isometric force values for 
each testing session. A negative correlation would indicate that pain had an 
inverse effect on force production and would be indicated accordingly on the 
graph. None of the hip pain scores were determined to be statistically significant, 
however 8 of the 12 correlations were negative. The correlations for the hip pain 
scores for all testing sessions ranged from -.32 to .41. 
Figure 2	  Bar graph of PPM coefficients of hip pain scores vs. testing 
sessions. 41 
Figure 3 presents a bar graph representation of the correlation coefficients 
between shoulder pain scores and each testing session. The correlation 
coefficients range from -.61 to .23. Only one of the correlation coefficients was 
significant at the .05 level. The averaged NMMT score for shoulder extension 
yielded a correlation of -.61. For this investigation 6 ofthe 12 isometric force 
values for the shoulder joint were negatively correlated with pain scores. 
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Figure 3	  Bar graph of PPM coefficients of shoulder joint actions vs. 
testing sessions. 42 
The range of the correlation coefficients for almost all joint actions was 
not statistically significant and therefore was not conclusive on the effect of pain 
as a factor in this investigation. One exception was shoulder extension, which 
yielded a negative correlation (r= -.61) between pain and the average values of the 
NMMT sessions and achieved a p.05 level of significance. 43 
Chapter 5 
DISCUSSION 
The need to measure isometric strength reliably in individuals with 
arthritis is evident. Debilitating effects from the loss of muscle strength due to 
pain associated with arthritis may cause these individuals to become physically 
dependent. The significant strength deficits that commonly occur must be 
assessed and monitored so appropriate therapeutic modalities can be employed in 
order to interrupt a debilitating cycle of disuse atrophy. As there are 40 million 
Americans with arthritis, providing health professionals with a valid and reliable 
diagnostic tool for strength assessment can improve the opportunity for health 
professionals to service a significant portion of the general population. This 
investigation has provided the following results about the validity and reliability 
of the Nicholas Manual Muscle Tester in women over the age of 50 with arthritis. 
Reliability 
As indicated by the data presented in Chapter 4, the results of this 
investigation concur with results of previous test-retest reliability studies 
involving the NMMT in which reliability coefficients for the upper body were 
generally higher than the lower body values (Hayes & Falconer, 1992; Surburg et 
al., 1992 a,b). Reliability coefficients for the shoulder joint actions ranged from 44 
.85-93, with the exception of shoulder abduction which had a reliability 
coefficient of .43. One possible explanation for the exceptionally low correlation 
could be the intermittant presence of pain as confounding factor in consistent 
force production. By looking at the correlation of the shoulder pain scores and 
testing sessions (Figure 3), shoulder extension has a wide range of scores (-.61 to 
.23), which would indicate that pain was not consistent, possibly leading to 
inconsistent force production. In addition, there is a greater variability within the 
NMMT session 1 mean strength values, which would be consistent with the 
greater pain score correlation. 
Reliability coefficients for the lower body were generally lower than the 
upper body, however, these coefficients were generally in the good (R > .80) to 
high (R>.90) range. From a practical standpoint, one can conclude that the 
NMMT is a reliable instrument for this particular sample with respect to the hip 
and shoulder isometric force assessed in this investigation. One exception may be 
in shoulder abduction where the value was in the fair range. 
Criterion related evidence of validity 
In general, the NMMT provided fair evidence of validity against the Kin-
Com for this particular subject sample. Only four of eight isometric muscle force 
value correlations were statistically significant at the .05 level: shoulder flexion, 45 
shoulder extension, shoulder abduction and hip flexion. The correlation 
coefficients for those four movements ranged from .61 to .86. The correlation 
coefficients for the rest of the joint actions were less than .45. 
The NMMT provided significant criterion evidence of validity for half of 
the joint actions assessed. By inspecting the results it seems that the NMMT 
provided fair (r> .6) to good (r> .8) evidence of validity in most shoulder joint 
actions (3 of 4). Most of the low correlations (r < .45) were hip joint actions (hip 
extension, hip adduction, hip abduction) with the exception of hip flexion which 
yielded a correlation in the good range. 
A possible explanation for the low correlations was the presence of pain, 
yet only one correlation for joint pain was statistically significant (rSFIEX1N2=-61, p 
<.05, l ldf ). Most of the mean joint pain score correlation coefficients were 
negative (6 of 8), which would suggest that pain had a negative effect upon force 
production; however, these values were not statistically significant. The mean 
joint pain score correlations were in the poor range (r<.5). These low correlations 
would suggest other sources of variability limited force production. 
Joint pain between sessions 
There were inconsistent force measurements across sessions for 8 subjects, 
though group differences across sessions were not evident. For those particular 46 
subjects in which the level of pain was quite high, lower force values were 
produced and verified by the negative correlations for shoulder pain vs. averaged 
NMMT sessions. 
Although the mean joint pain score correlations did not meet the  -.5529 
level for statistical significance at the .05 level, the practical implications of these 
data would suggest that pain was a factor but not a dominant factor as suggested 
previously. 
Potential sources of error 
There are at least five possible explanations that could have contributed to 
the decreased and inconsistent isometric force production observed in this 
particular sample: a) nature of joint pain, b) submaximal effort, c) learning effect 
due to testing, d) low sample size, and e) low motivation. 
Nature of joint pain 
The joint pain experienced by the subject sample would indicate that some 
movements were more difficult to perform than others, as one subject was unable 
to perform all three trials of shoulder abduction. The variability of pain due to 
arthritis is as diverse as the nature of the condition itself, however non-significant 
differences presented in the table of normalized strength values (Table 4) and the 47 
table of average pain scores (Table 5) indicated that pain did not have the impact 
previously suggested. 
Submaximal effort 
One of the assumptions of this investigation was that subjects gave a 
maximal effort. The low validity coefficients indicated inconsistent force 
production. A possible explanation for inconsistent force production could have 
been that subjects were not feeling well from one testing session to the next which 
could have inhibited their maximum force production. Another explanation for 
inconsistent force production could have been the sensitivity of the device used. 
The Kin-Corn is a rather large device which uses sensitive strain gauges to detect 
slight force production. The sensor is anchored to the device providing with 
optimal support allowing for detection of small force production. This is much 
different than the NMMT, where the tester is the base of support for the device. If 
the tester moves the NMMT, then an accurate and precise measure of strength is 
very difficult to attain. 
Low sample size 
With only thirteen subjects participating in this investigation, only large 
(gross) differences could be detected at the .05 level of significance, which may 48 
not be generalizable to the general population affected with arthritis. A larger 
sample size would allow for the results to be more generalizable to the general 
population affected with arthritis. 
Conclusions 
From the results of this investigation one can conclude the following from 
the data: 
1) The NMMT has high test-retest reliability using one rater for this 
particular subject sample. 
2) The NMMT provides fair to good criterion evidence of validity with the 
Kin-Corn for most actions of the shoulder joint in this sample and poor criterion 
evidence of validity for most actions (2/3) of the hip joint. 
3) The presence of pain was not a dominant factor accounting for subject 
force variability in this investigation  . 
4) Other factors such as submaximal effort and low sample size may 
account for subject variability. 
With these factors considered, there are some suggestions that should be 
considered for future work in this area. 
Recommendations for future studies 49 
Recommendations for future studies in this area are as follows. First, 
increase the sample size, so the results could be generalizable to the general 
population affected by arthritis. Second, classifying the subject sample into 
groups arranged by level of involvement would perhaps determine a minimum 
strength classification to be assessed by the NMMT with consistent results. 
Finally, the use of multiple raters in determining interrater reliability has 
significant practical implications due to the clinical conditions under which 
strength monitoring is conducted, where the possibility exists that several health 
professionals will monitor a patient's strength over an extended period of time. 
These recommendations for future studies could aid in providing insight 
and a possible alternative in assessing strength for persons affected with arthritis. 50 
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APPENDIX A
 
Description of muscle testing procedure.
 
The muscle examination procedure used in this study will be similar to the 
method used by Daniels and Worthingham (1986). This procedure of muscle 
examination will place the joint in position to facilitate easy transition and 
consistency for each testing session. 
For example if the tester was assessing hip abduction the tester would 
prepare the subject as follows: 
The subject is sidelying on an examiner's table and the lower leg is 
slightly bent at the knee. The examiner stabilizes the trunk at the pelvis. 
The subject then attempts to abduct the hip while resistance is applied 
proximal to the knee joint. The placement of the dynamometer is critical 
and remained consistent throughout testing. 
Table A will provides a detailed description of the joint, movement, testing 
position and dynamometer placement. APPENDIX A
 
Table A-1 Positions for Muscle Groups Tested 
.,_ 
MUSCLE  SUBJECT  LIMB POSITION  STABILIZED  [DYNAMOMETER 
GROUP  POSITION  BODY PART  PLACEMENT 
SHOULDER  SEATED  ELBOW EXTENDED,  TRUNK  PROXIMAL TO 
ADDUCTORS  SHOULDER ABDUCTED 90  ELBOW MEDIAL 
DEGREES  SURFACE 
SHOULDER  SEATED  SAME AS SHOULDER  TRUNK  PROXIMAL TO 
ABDUCTORS  ADDUCTOR  ELBOW, LATERAL 
SURFACE 
SHOULDER  SUPINE  SHOULDER FLEXED 90  SHOULDER  PROXIMAL TO 
FLEXORS  DEGREES, ELBOWS  ELBOW FLEXOR 
SLIGHTLY BENT W/OUT  SURFACE 
ROTATION AT SHOULDER 
JOINT 
SHOULDER  SUPINE  SHOULDER ROTATED W/  SHOULDER  PROXIMAL TO 
EXTENSORS  PALMS PRONATED  ELBOW 
EXTENSOR 
SURFACE Table A-1 continued - Positions for Muscle Groups Tested 
HIP  SIDELYING  KNEE EXTENDED, HIP IN 
ADDUCTORS  NEUTRAL ADDUCTION (30 
DEGREES ABOVE THE 
HORIZONTAL) 
HIP  SIDELYING  KNEE EXTENDED, HIP IN 
ABDUCTORS  NEUTRAL ABDUCTION 
HIP FLEXORS  SUPINE	  HIPS FLEX 90 DEG., LEGS 
OVER EDGE OF TABLE & 
KNEE RELAXED 
HIP  SUPINE  SAME AS HIP FLEXORS 
EXTENSORS 
CONTRALATERAL 
LOWER 
EXTREMITY 
CONTRALATERAL 
LOWER 
EXTREMITY 
TRUNK 
TRUNK 
PROXIMAL TO 
KNEE MEDIAL 
SURFACE 
PROXIMAL KNEE 
LATERAL 
SURFACE 
PROX KNEE 
EXTENSOR 
SURFACE 
PROX KNEE 
FLEXOR SURFACE APPENDIX B
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Warmup protocol for subjects will be ten minutes in length and will include the
 
following:
 
Ten minutes of light stretching exercises:
 
1.  Shoulder circles 
2.  Arm raising above the head (frontal and sagittal planes) 
3.  Toe-Touching from a sitting position on a floor mat 
4.  Single Leg raises (frontal and sagittal planes) APPENDIX C
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Table C-1 One Factor ANOVA-Repeated Measures for Hip Adduction 
Source:  df:  Sum of  Mean Square:  F-test:  P value: 
Squares 
Between  12  11.52  .96  7.56  5.0E-4 
Subjects 
Within subjects  13  1.651  .127 
treatments  1  .25  .25  2.143  .1689 
residuals  12  .1.401  .117 
Total  25  13.171 
Reliability Estimates for:All treatments:.868  Single Treatment: .766 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
hpadnl (nrm)  13  2.631  .792  .22 
hpadn2 (nrm)  13  2.827  .67  .186 59 
Table C-2 One Factor ANOVA-Repeated Measures for Hip Abduction 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  11.128  .927  4.956  .0037 
Subjects 
Within subjects  13  2.433  .187 
treatments  1  1.3846E-4  1.3846E-4  6.8631E-4  .9796 
residuals  12  2.432  .203 
Total  25  13.561 
Reliability Estimates for:All treatments: .798  Single Treatment: .664 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
hpabnl (nrm)  13  1.991  .823  .228 
hpabn2 (nrm)  13  1.995  .672  .186 60 
Table C-3 One Factor ANOVA-Repeated Measures for Hip Flexion 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  7.652  .638  15.628  1.0E-4 
Subjects 
Within subjects  13  .53  .041 
treatments  1  4.6538E-4  4.6538E-4  .011  .9199 
residuals  12  .53  .044 
Total  25  8.183 
Reliability Estimates for:All treatments: .936  Single Treatment: .88 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
hpflnl (nrm)  13  1.6  .527  .146 
hpfln2 (nrm)  13  1.608  .636  .176 61 
Table C-4 One Factor ANOVA-Repeated Measures for Hip Extension 
Source:  df:  Sum of 
Squares 
Mean 
Square: 
F-test:  P value: 
Between 
Subjects 
12  32.283  2.69  10.539  1.0E-4 
Within subjects  13  3.318  .255 
treatments  1  1.3846E-4  1.3846E-4  5.007E-4  .9825 
residuals  12  3.318  .277 
Total  25  35.602 
Reliability Estimates for:All treatments: .905  Single Treatment: .827 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
hpexnl (nrm)  13  4.179  1.289  .358 
hpexn2 (nrm)  13  4.175  1.142  .317 62 
Table C-5 One Factor ANOVA-Repeated Measures for Hip Pain 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  3758.615  313.218  5.953  .0016 
Subjects 
Within subjects  13  684  52.615 
treatments  1  1.385  1.385  .024  .8786 
residuals  12  682.615  56.885 
Total  25  4442.615 
Reliability Estimates for: All treatments: .832  Single Treatment: .712 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
hpain n1  13  14  15.481  4.294 
hpain n2  13  13.538  11.421  3.168 63 
Table C-6 One Factor ANOVA-Repeated Measures for Shoulder Adduction 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  10.01  .834  14.151  1.0E-4 
Subjects 
Within subjects  13  .766  .059 
treatments  1  .101  .101  1.82  .2022 
residuals  12  .685  .055 
Total  25  10.776 
Reliability Estimates for: All treatments: .932  Single Treatment: .868 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
shadnl  13  2.065  .64  .178 
shadn2  13  2.189  .692  .192 64 
Table C-7 One Factor ANOVA-Repeated Measures for Shoulder Flexion 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  4.025  .335  12.88  1.0E-4 
Subjects 
Within subjects  13  .339  .026 
treatments  1  .07  .07  3.133  .1021 
residuals  12  .268  .022 
Total  25  4.364 
Reliability Estimates for: All treatments: .922  Single Treatment: .856 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
shflnl  13  1.278  .423  .117 
shfln2  13  1.174  .423  .117 65 
Table C-8 One Factor ANOVA-Repeated Measures for Shoulder Extension 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  6.459  .538  5.676  .002 
Subjects 
Within subjects  13  1.233  .095
 
treatments  1  .033  .033  .333  .5747
 
residuals  12  1.2  .1
 
Total  25  7.692
 
Reliability Estimates for: All treatments: .824  Single Treatment: .7
 
Group:  Count:  Mean:  Std. Dev.  Std. Error
 
shexnl  13  2.187  .528  .146
 
shexn2  13  2.258  .599  .166
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Table C-9 One Factor ANOVA-Repeated Measures for Shoulder Pain 
Source:  df:  Sum of  Mean  F-test:  P value: 
Squares  Square: 
Between  12  4348.904  362.409  5:764  .0018 
Subjects 
Within subjects  13  817.375  62.875 
treatments  1  33.471  33.471  .512  .4878 
residuals  12  783.904  65.325 
Total  25  5166.279 
Reliability Estimates for: All treatments: .827  Single Treatment: .704 
Group:  Count:  Mean:  Std. Dev.  Std. Error 
shpain n1  13  17.57  16.686  4.686 
shpain n2  13  15.231  12.22  3.389 Table C-10 Correlation Matrix for Hip 
hpadkc  hpad­ hpadnl  hpadn2  hpabkc  hpab­ hpabnl  hpabn2  hpflkc  hpfl­ hpflnl  hpfln2 
avg  avg  avg 
hpadkc  1.00 
hpad-avg  0.02  1.00 
hpadnl  0.01  0.96  1.00 
hpadn2  .03  .94  .80  1.00 
hpabkc  .18  .31  .18  .43  1.00 
hpab-avg  .44  .51  .38  .61  .41  1.00 
hpabnl  .47  .47  .37  .52  .45  .93  1.00 
hpabn2  .32  .47  .31  .6  .27  .89  .93  1.00 
hpflkc  .58  .42  .35  .46  .57  .80  .89  .67  1.00 
hpfl-avg  .33  .47  .40  .50  ...50  .75  .80  .52  .85  1.00 
hpflnl  .27  .57  .50  .58  .53  .81  .75  .58  .81  .96  1.00 
hpfln2  .36  .37  .30  .40  .44  .65  .65  .45  .85  .98  .88  1.00 Table C-10 continued - Correlation Matrix for Hip 
hpadkc  hpad­ hpadnl  hpadn2  hpabkc  hpab­ hpabnl  hpabn2  hpflkc  hpfl­ hpflnl  hpfln2 
avg  avg  avg 
hpexkc  .28  .15  .11  .19  .65  .46  .47  .36  .56  .56  .57  .53 
hpex-avg  .11  .49  .52  .40  .31  .53  .73  .19  .34  .48  .62  .34 
hpexnl  .05  .42  .47  .32  .16  .45  .67  .10  .17  ,37  .53  .21 
hpexn2  .16  .52  .54  .44  .45  .58  .72  .28  .49  .56  .66  .45 
hpainkc  -.08  -.13  -.16  -.09  .10  -.23  -.36  -.03  -.02  .10  -.05  .21 
hpainnl  -.29  .35  .41  .25  -.24  -.22  -.32  -.06  -.25  -.10  -.11  -.09 
hpainn2  -.17  .19  .20  .16  -.10  -.22  -.34  -.04  -.25  -.25  -.29  -.20 
hpain-avg  -.26  .31  .35  .22  -.20  -.24  -.35  -.06  -.27  -.18  -.21  -.14 Table C-10 continued - Correlation Matrix for Hip 
hpexkc  hpex-avg  hpexnl  hpexn2  hpainkc  hpainnl  hpainn2  hpainavg 
hpexkc  1.00 
hpex-avg  .44  1.00 
hpexn1  .24  .96  1.00 
hpexn2  .62  .95  .82  1.00 
hpainkc  .34  -.49  -.59  -.34  1.00 
hpainnl  -.26  -.26  -.19  -.32  .45  1.00 
hpainn2  .02  -.23  -.28  -.15  .56  .72  1.00 
hpain-avg.  -.16  -.27  -.25  -.27  .54  .95  .90  1.00 Table C-11  Correlation Matrix for Shoulder 
shpainl 
shpain 1 
1.00 
shpain2  shadn 1  shadn2  shabn 1  shab2  shfln 1  shfln2  shexn 1  shexn2  shad­
avg 
shab­
avg 
shpain2  .729  1.00 
shadnl  -.238  -.144  1.00 
shadn2  -1.37e-3  -.073  .878  1.00 
shabnl  -.192  -.392  -.2  -.166  1.00 
shabn2  2.51e-3  -.079  .655  .795  .247  1.00 
shflnl  .046 
shfln2  .189 
shexnl  -3.3e-4 
shexn2  .055 
shad-avg -.118 
shab-avg -.127 
-.056 
.038 
-.241 
-.148 
-.109 
-306 
.485 
.392 
.478 
.573 
.967 
.259 
.688 
.57 
.425 
.519 
.971 
.369 
.377 
.314 
.367 
.144 
-.191 
.812 
.889 
.905 
.446 
.631 
.75 
.766 
1.00 
.875 
.436 
.518 
.608 
.788 
1.00 
.409 
.589 
.499 
.753 
1.00 
.692 
.465 
.509 
1.00 
.565 
.472 
1.00 
.324  1.00 Table C-11 continued - Correlation Matrix for Shoulder 
shpainl  shpain2  shadnl  shadn2  shabnl  shab2  shflnl  shfln2  shexnl  shexn2  shad­ shab­
avg  avg 
shfl-avg  .121  -.638e-3  .452  .649  .359  .927  .969  .968  .56  .56  .57  .797 
shex-avg  .079  -.129  .558  .532  .305  .674  .603  .647  .34  .48  .62  .605 
shadkc  -056  .011  .36  .426  .116  .613  .621  .632  .17  .37  .53  .447 
shabkc  4.139e-3  .021  .486  .526  .241  .748  .664  .675  .49  .56  .66  .61 
shflkc  -.048  -.204  .52  .647  .432  .826  .886  .778  .46  .693  .604  .785 
shexkc  .077  .193  .274  .282  .335  .554  .577  .598  .638  .579  .288  .556 
shpainkc  .756  .574  -.407  -.275  3.79e-3  -.313  -.172  -.178  .095  -.066  -.348  -.185 
shpain­ .901  .819  -.135  .01  -.224  .023  4.38e-3  .127  -.134  3.2e-3  -.061  -.136 
avg Table C-11 continued - Correlation Matrix for Shoulder 
shfl-avg  shex-avg  shadkc  shabkc  shflkc  shexkc  shpainkc  shpain-avg 
shfl-avg  1.00 
shex-avg  .642  1.00 
shadkc  .646  .536  1.00 
shabkc  .691  .794  .775  1.00 
shflkc  .861  .62  .657  .723  1.00 
shexkc  .607  .745  .782  .882  .548  1.00 
shpainkc  -.181  .027  1.19e-3  .055  -.165  .232  1.00 
shpain-avg  .068  -.024  -.134  -.093  -.123  -7.85e-3  .596  1.00 